Abstract-In the present era, buildings are highly contributed to both energy consumption and greenhouse gas emission. As a result, energy conservative measures in building is one of the best tool to tackle these issues which become the global concerns. The purpose of this study was aimed to make the assessment for the environmental and economic performances by the implementation of energy conservative measures for the educational buildings in Thailand. The clean development mechanism (CDM) methodology and net present value (NPV) were used for the study analysis. The results demonstrated that among all of the feasible measures, the top three options for environmental performances improvement were building management, high efficiency of air conditioner replacement and solar cell installation. For the Improvement of economic performance, the automatic system control, saving practices, air conditioner maintenance and lighting efficiency improvement were suggested as the solution tools. The obtained results can be useful for the decision makers to make the strategies planning for building sector in the upcoming future.
I. INTRODUCTION
Nowadays, buildings contribute for more than 40% of global energy consumption [1] . According to "The fifth assessment report" of the IPCC, the global energy demand is expected to be doubled by the end of 2050 alongside the increasing of CO2 emission which contributed to 50-150% increased comparing with the baseline scenarios [2] . In other words, building sector could have a great potential for greenhouse gas (GHG) emissions mitigation. Apparently, energy consumption in either new or existing building can be reduced to 30-50% by applying advance technologies or installing the high energy efficient equipment; for instance, Manuscript received January 11, 2018; revised July 1, 2018. This research was funded by the Ratchadapisek Sompoch Endowment Fund (2016), Chulalongkorn University (CU-59-002-IC).
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smart design, insulation improvement, low-energy appliances, high efficiency heating, ventilation and air conditioning (HVAC) system and conservation habits from building occupants [3] - [6] . In order to achieve the sustainability development, the economic evaluation should be involved for decision making whether which approaches should be implemented [7] .
In Thailand, educational building is one of building types that consumes a huge amount of energy. Most electricity consumption in this type of building was distributed for HVAC system followed by lighting system [8] . Due to a raising awareness of global warming, improving energy-related environmental performance in building sector is vital.
This study, therefore, was investigated the energy conservation measures that had been implemented in educational buildings in Thailand in order to make an assessment of both environmental and economic performances. Each measure was evaluated for a level of energy saving and emission reduction potential as well as its cost effectiveness. The results of this study could be useful for decision maker, planner, or building owner to make the strategies on energy efficiency and improve the emission mitigation in study building sector later on. The benefits from this study are not only in environmental aspect but also in an economic aspect as well.
II. METHODOLOGY

A. Case Studies
In order to make the assessment for the performances of energy and GHG emission, seven types of data were used for the analysis. The categories contained fossil fuel consumption, electricity consumption, renewable energy consumption, water supply consumption, wastewater treatment, solid waste generation and the other related GHG emissions. Each type of data was collected form five educational buildings located in Bangkok.
B. Assessment of Energy Saving
Data regarding energy conservative measures of each building was gathered for estimating the amount of energy that would be reduced after implementation by using the following equations . 
C. Assessment of GHG Reduction
Emission reduction (ER) obtained from the implementation of energy conservative measures was analyzed through four methodologies which are CDM, namely AMS-II.C, AMS-II.N, AMS-I.A and AM0091. As same as the concept of energy saving assessment, the amount of GHG emissions that could be reduced after such implementation was calculated using the (3) and (4) as followed;
ER k = BE GHG -BE GHG (4) where: ERG = GHG reduction of each measure group (kgCO 2 eq/m 2 /year) ER = Emission reduction of each measure type (kgCO 2 eq/year) BE GHG = Baseline emission reduction (kgCO 2 eq/year) PE GHG = Project emission reduction (kgCO 2 eq/year) A = Building area (m 2 ) i = Building type i j = Measure's group j k = Measure index The description of four CDM methodologies are described as follows:
AMS-II.C: Demand-side energy efficiency activities for specific technologies. This methodology comprises activities that involve the installation of new, energy-efficient equipment (e.g. lamps, ballasts, refrigerators, motors, fans, air conditioners, pumping systems, and chillers) at one or more project sites. Retrofit as well as new construction projects are included under this methodology.
AMS-II.N: Demand-side energy efficiency activities for installation of energy lighting and/or controls in building. This methodology comprises activities in buildings for: (a) Retrofits of existing electric lighting fixtures, lamps, and/or ballasts with more energy-efficient fixtures, lamps, and/or ballasts; (b) Permanent de-lamping of electric lighting fixtures with or without the use of reflectors; (c) Installation of lighting controls, such as occupancy sensors or timers in order to reduce electric lighting lamp operating hours. Only retrofit projects involving direct installation of equipment are eligible. Projects only involving the sale or distribution of efficient lighting systems and/or controls are not included under this methodology.
AMS-I.A: Renewable energy project; Electricity generation by the user. This category comprises renewable electricity generation units that supply individual households, users or groups of households/users included in the project boundary he renewable energy generation units include technologies such as solar, hydro, wind, biomass gasification and other technologies that produce electricity all of which is used on-site/locally by the user, e.g. solar home systems, wind battery chargers. The renewable generating units may be new installations (greenfield) or replace existing onsite fossil-fuel-fired generation. AM0091: Energy efficiency technologies and fuel switching in new and existing buildings. This methodology applies to project activities that implement energy efficiency measures and/or fuel switching in all types of either new or existing building. Examples of the measures include efficient appliances, efficient thermal envelope, efficient lighting systems, efficient heating, ventilation and air conditioning systems, passive solar design, optimal shading, building energy management systems, intelligent energy metering, and fuel switching, excluding switching to biomass.
D. Economic Evaluation
To evaluate the cost effectiveness of energy conservative measures, Net present value (NPV) analysis was used in this study. The NPV is calculated by subtracting the investment cost of the implemented measure from the discounted cash flow of energy saving benefit as shown in (5). The measure is considered to be financial worthwhile if the NPV is greater than zero. Moreover, the cost of emissions reduction as expressed in (6) 
III. RESULT AND DISCUSSIONS
A. Building Performances
As presented in Table I , energy consumptions of five study buildings were in a range of 864-2,856 GJ annually, resulting in the energy-related emissions about 44-336 tCO 2 eq/year. The buildings consumed the energy from the renewable sources which presented the negative value of emission because it produces no emissions while using the alternative sources instead. Based on data availability, two types of refrigerant, namely R134A and R22 were involved in two cases of this study which contributed 67% and 10% of the
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total emissions of B1 and B5 respectively. It could be implied that a larger amount of building occupants affected the loads of cooling system and consequently required a greater amount of refrigerant. Averagely, the wastewater generation to water supply consumption ratio of study buildings in this study was at 0.85, while the proportion of solid waste generation was 0.01 kg/person/day for B1 and B5, and 0.04 kg/person/day for the remainders. Among 5 case studies, it can be concluded that the best environmental performance was the case B1 since it emitted the lowest emissions intensity either in a unit of total floor area or of building occupants. In addition, as demonstrated in Fig. 1 and Fig. 2 , building owners or planners should heavily focus on HVAC system since it contributed to the greatest energy consumption and also the major source of GHG emissions. 
B. Environmental Performance
Measures of environmental management in building were classified into eight groups and a number of each measure that had been implemented in five buildings are presented in Table  II . The results revealed that most appropriate practices were energy-related emissions measures. Therefore, either environmental or economic performances of those measures were analyzed in detail to emphasize its feasibility as presented in Table III . Regarding the results from five study buildings, most buildings applied the AMS-II.C method for increasing the cooling efficiency followed by AMS-II.N while some AMS-I.A and AM0091 methods were implemented for increasing lighting efficiency, enhancing the renewable energy and improving building energy management system. The results also emphasized that building energy management measure (BM02) contributed to the highest potential for energy savings and GHG mitigation followed by the replacement of high efficiency spilt-type AC and solar cell installation.
C. Economic Performance
It turned out that every measure showed a feasibility of implementation as all cases provide a positive NPV. A key factor of economic performance for building improvement was electricity charge which accounts for 0.15 USD/kWh. Moreover, the results of GHG abatement cost also indicated that none of the measures is unfeasible as all measures provide a negative value. Particularly, BM02 portrayed the best option for the energy savings and GHG mitigation improvement of study buildings since it provided the highest benefit not only NPV aspect but also for energy savings and GHG reduction parts as well, followed by CE01, CE02 and RE01.
IV. CONCLUSION
This study was aimed to make the assessment for the environmental and economic performances of educational buildings through environmental management measures which implemented in Bangkok. Four CDM methodologies were applied to quantify the amount of GHG mitigation while the cost effectiveness was performed through NPV and GHG abatement cost analysis. The findings illustrated that building energy management system (AM0091) contributed to the greatest potential for improving energy efficiency and GHG mitigation, followed by AMS-II.C (high efficiency spilt-type AC replacement) and AMS-I.A (solar cell installation) method. Whilst the least investment cost required to reducing one kilogram of CO 2 eq was denoted to saving practices and automatic control system. In addition, building owners or decision makers should consider on HVAC system intensively as it consumed high amount of energy and produced a huge amount of GHG emissions. To summarize, the building energy management system should be suggested for the implementation for every building as these options provide the best benefits in all three aspects at once. The information regarding the potential of the energy efficiency and GHG mitigation improvement along with the cost effectiveness of each measure would be useful for decision makers to make the strategies for building sector later on. 
